A trioventricular (AV) nodal reentrant tachycardia is classically described as a circus rhythm using functionally distinct antegrade and retrograde pathways within the AV node.1-4 Ventricular activation occurs via a distal turnaround in the NH region and the His-Purkinje system, the so-called distal common pathway. It is less clear whether atrial activation occurs independent of reentry or as an integral part of the tachycardia circuit. Atrial involvement in the proximal portion of the tachycardia circuit was proposed by Mendez and Moes and subsequently by others.6-10 However, current information does not exclude a model of tachycardia circuit contained entirely within the compact AV node." Retrograde atrial activation during tachycardia would then occur via an upper common pathway, as frequently depicted, and atrial tissue would not be required to complete the tachycardia circuit. The boundaries of the reentrant circuit and the extent of atrial involvement have important implications regarding the physiological characteristics of tachycardia and therapeutic alternatives.
In the present study, a nondestructive mapping method was used to distinguish the antegrade from the retrograde pathway in AV nodal reentrant tachycardia. This allowed determination as to whether the circuit was contained entirely within the compact AV node or inclusive of perinodal atrial tissue. Cooling of atrial tissue -ice mapping -temporarily rendered discrete areas unable to conduct sufficiently to sustain a tachycardia. When the tissue is cooled, its functional participation in the reentrant circuit can be determined from the characteristic pattern of tachycardia termination. It A mapping template was designed to map the atrial septum in reference to reproducible atrial landmarks ( Figure 1 ). The epicenter of the template was the compact AV node. The site was identified visually and confirmed by cooling the site with a 5-mm cryoprobe (Frigitronics, Shelton, Conn.) set to 0°C. The discrete area where complete AV block resulted from such cooling was considered the site of the compact node. This area was generally proximal to the central fibrous body and the intersection of the tendon of Todaro with the AV ring. Four arrays of mapping points emanated from this center. Array C passed inferiorly along the tricuspid annulus from the compact node to the coronary sinus. The terminus of the C array was placed immediately anterior to the coronary sinus os. Array T trekked along the tendon of Todaro. Array A passed anteriorly and superiorly along the annulus. The M array divided the sector defined by A and T. Each array was composed of five equidistant points; the distance from each point was defined by anatomic constraints. There was no anatomic overlap between adjacent points. This mapping template did not include the small amount of atrial tissue between the compact AV node and the tricuspid annulus; this small area did not appear to be physiologically important.
Ice mapping was performed in all patients during AV nodal reentrant tachycardia. Array mapping was arbitrarily chosen to begin with C and continue with T, M, and A. The 5-mm cryoprobe was cooled to 0°C. The tip of the probe was then placed on one of the defined points of atrial septum, starting at the most peripheral point in the array. This tissue then was reversibly cooled to create localized conduction delay.
If no change was seen in the tachycardia cycle length after approximately 5 seconds, the probe was removed and advanced to the next point along the array in a centripetal fashion. If the tachycardia cycle length significantly increased in a sustained fashion or the tachycardia terminated, cooling was stopped, and the tissue was allowed to recover. All points of the array were mapped. If termination of the tachycardia was observed at a peripheral point, termination was identical in all of the more central points. Site specificity and reproducibility of tachycardia slowing and termination were confirmed with multiple coolings at a particular point. Cooling at immediately adjacent sites was repeated if alterations of tachycardia were noted. In all patients, separate areas were identified that permitted termination of the tachycardia in either the retrograde or the antegrade limb. Block in the antegrade limb was identified by atrial activation, followed by the absence of ventricular activation. Block in the retrograde limb was identified by ventricular activation, followed by the absence of atrial activity. fibers but because of its effect on the tachycardia included the distal AV node and the tachycardia circuit. In three patients, activation mapping of the atrial septum during tachycardia was performed using the same template. Atrial electrograms recorded from a bipolar probe (1-mm spacing) from all 25 points were recorded at 100 mm/sec on strip chart paper (Electronics for Medicine) for analysis. Isochrones were constructed, and the site of earliest retrograde atrial activation was determined.
Results
The patient population consisted of four women and two men (age range, 11-70 years; mean age, 42.6 years). All had structurally normal hearts except patient 4, who had suffered a previous myocardial infarction. All had normal resting ECGs. No patient had an additional inducible arrhythmia. The mean cycle length of the induced tachycardia was 378±114 msec.
Localization of Slow Pathway
Ice mapping identified discrete areas of atrial tissue that, when cooled, terminated the tachycardia in the antegrade or retrograde limbs (Table 1 ). In four patients, the area of slow pathway block occurred during cooling inferiorly and posteriorly along the tricuspid annulus, the C array. In two other patients, the area of antegrade slow conduction block occurred during cooling superior to the compact node. Cooling at points more centrally located along the array also yielded block in the slow pathway. None of the more centrally located points along these arrays yielded block in the fast pathway until the compact node was reached. Frequently, there was slowing of the tachycardia cycle length with cooling of a site more peripheral to a site that initiated block, but this finding was not consistent.
Block in the slow pathway was very characteristic (Figure 2 ). There was significant cycle length slowing of the tachycardia attributable exclusively to delay in the atrial-to-ventricular conduction interval (antegrade slow pathway) before termination of the tachycardia. Termination was always associated with retrograde atrial activation without subsequent reentrant ventricular activation. The first sinus beat after termination of tachycardia was not associated with any prolongation of the PR interval. Thus, antegrade conduction through the "normal" node or, perhaps, the fast pathway did not appear to be affected.
Localization of Fast Pathway
Tissue associated with block in the retrograde fast conduction pathway during cooling was identified in all patients ( Table 1 ). The location tended to be more central along the tendon of Todaro. In two patients, central points on dissimilar arrays caused block in the retrograde fast pathway. This may have represented a tangential pathway coursing across the artificial template or a fast pathway exit from the compact AV node that was interposed between the two mapping sites and was cooled sufficiently from either site to be affected. The area of fast pathway block was always distinguishable from the area of slow conduction by several millimeters.
Cooling in the areas of the fast retrograde pathway had a minimal effect on the overall cycle length of the tachycardia, even though there was some slowing of conduction in the pathway (i.e., prolongation of VA interval) (Figure 3 ). Termination was associated with little or minimal change in the ventriculoatrial conduction interval. It was always manifested as ventricular activation followed by the absence of reentrant atrial activation ( Figure 3 ). This insertion site is consistent with data from atrial activation mapping. Conduction slowing and block induced by cooling further away from this atrial insertion could be bypassed by intra-atrial reentry, and the tachycardia cycle length would be virtually unchanged. The sites at which ice mapping caused block in the slow pathway during tachycardia would indicate that atrial insertion sites of these critical slow fibers are more peripheral from the AV node and run along the tricuspid annulus. They appear to have a broader insertion site, ranging from areas several millimeters posterior to the compact AV node to sites next to the coronary sinus os. Such locations of insertion sites would also explain why cooling at sites closer to the AV node causes block in the slow pathway. Although these fibers appear to play a critical role during tachycardia, they do not appear to be necessary for normal antegrade conduction. Cooling and cryoablation of these pathways had no impact on the PR interval during sinus rhythm.
The data suggest a physiological organization to AV nodal fibers, at least in patients with AV nodal reentrant tachycardia. The so-called fast and slow "pathways" probably represent the fastest of the fast fibers and the slowest of the slow fibers, respectively, which are likely to run at opposite edges of the AV node. The fast ones are oriented superiorly, whereas the slow ones are oriented inferiorly. The fibers in-between these two pathways most likely participate in normal antegrade conduction through the node but do not contribute to sustenance of tachycardia. This speculation is supported by the observation that cooling at points between the critical fast and slow pathways did not alter tachycardia. The tachycardia circuit probably circumvents these "intermediate" fibers. Although the connection between the two fiber sets remains unclear, we speculate that this connection is a dynamic process that is determined by anatomic constraints and conduction characteristics of the atrial septum. The absence of a discrete upper turnaround pathway is supported by our with all the findings of the present report as well as with those previously reported by others in AV nodal reentrant tachycardia. Ice mapping has relevance to the current therapeutic strategies of catheter ablation with radiofrequency current. The proximity of fast fiber atrial insertion site to the compact AV node may explain why radiofrequency current lesions placed in this area are associated with an increased incidence of heart block and PR prolongation. 22 Radiofrequency current lesions directed at ablating the slow fiber more posteriorly would be expected to have a lower incidence of AV nodal conduction abnormalities as they can be placed well away from the compact AV node. Ice mapping is able to terminate the tachycardia in both the fast and slow fibers without significantly altering antegrade AV conduction. It is possible that limited lesions could be made to interrupt fast pathway conduction but leave a relatively normal PR interval. Successful ablation probably is associated with selective damage of AV nodal fibers of either set. Which of these fibers constitutes the normal antegrade AV nodal pathway remains unknown.
Conclusions
Ice mapping of the reentrant circuit in AV nodal reentrant tachycardia demonstrates that slowly conducting fibers critical to maintaining reentry are situated away from the fast conducting fibers. The atrial insertion of these slow fibers is more remote from the compact node than is the insertion of the fast pathways. The identification of nonessential atrial septal tissue interposed between the two critical areas of conduction suggests that the proximal turnaround is a dynamic rather than fixed circuit and argues against the concept of a proximal common pathway.
